[ Downloaded from jspi.iut.ac.ir on 2026-03-19 ]

[ DOR: 20.1001.1.20089082.1397.9.2.5.7 ]

[ DOI: 10.29252/6jgcst.9.2.11 |

=

ummglwm VYAV 5l /p93 o)lad /s Jl / SIS (slacilS 0553 5 pske

&g'jj}ﬁﬂ} OWWJ’W‘MJﬁw%JL?“gS\AJJﬁ}&I;U
C,JSJWJ; SlElS L

Toslillr ot 5 T alblh IYe ‘*‘uwsi dsw)

YR8/ ¥/0F 18y sl ATA0/04NY 1l ps 5)6)

s AS>

S o Wl QLS S5 550 5 o8 SRST AT Wl 53 55 JUSH el yda S polatsl i s 55 SIS A g ke
5 5,Shes iy p (FO 5 Y0 V0) aduy Jaoes slos 5 (Yo oo ¥ 5 ¥ ((Uald) jaw) ﬁwwﬁuduw;\s 2ol 5 shied
S b olal oS S o 7 b LU s o) 556 o o oales] ((Nagen VAY 05) (SI6S )l G55 58 Sl g
oS 3lam (S Ky 5 05y ol saba Mald Hles 45 ol 0L i s B oty s 53 VYAY L 3 1SS
S Glay cduld opl 53 3L GBI e 5 B sba ek 4 ol o (Jy tals IS 1) g IS jasls 5 S sl
3 p_fOVA) 3 Sas o pieg g Fhdd b ST pl A 8 eslinal ady; lasee 3 YOOC les b ol jon oldé Jglome o dald jles
L3 5 i Ysa o ¥ Bl s (W 53 05 YVP) 5 Shes (268 3 8 0 alin 10°C (slos 5 e Y g b ¥ oless )3 (w5
Lol Gl cady ) Jaome glos 2alS b5 o136 Jslons 53 o mte CBE 2151 b FWFM G o] Canzgy YO'C 4y 5 Jaos
iy B gl Sl b S Jad GBI LS3L I e ads) hed 5 e SBLE (0I0E gl 3 e LS 15
\gd;}dﬂf%ﬁﬁ)lj@ﬁhﬂ&‘@b'ﬂ.dlg SalS ady; Lo gl SRl b adu; jiad chals oS Jb- s cdl Sl
53 e Y gma s ¥ lale (ol ply il o S ady; Jaoms YOO (sles ollaal S1 (ol e Jgloms )3 e Cale 531

33 8 slgid bopw Jaad 55 IS S 555 )2 les op e K155 0 10°C ady ) Jae sles 5 o138 dglone

db;&ﬁ;@|¢9 J‘,lm AC;-:SJL.‘.!‘_;\.AA ‘&ﬁ}JMW:dJ‘:lS A:JLQJS

LS\J—i (5)Jf“’éf’a;‘°"<i e (A 5Y) -”JSL;“ bl sl "\—:‘J};JJ @"\—x“j—“Pt‘g_}iL—"‘L—fwuﬁ)J e SO

5 [PusS| WES o LS PR e - . . v
=205 I5Sd e Gl Sl (i 5 035 oS 5ed 5 A2 A= g oy5e ,iaS ot glaaas 3 (65,5LiS OV same

Jeoa sl el Bimes oK1 Olin anb b 5 303l Sl ( ALS Sl 05 S )
Ol oKl (g3 5LES eaSiils X

328 Ol 3T e g oKl o ke 0dSiSs (ol S 65,5 Y
r_azarmi@uma.ac.ir : S0 5 ;S gy (LK J g™


http://dx.doi.org/10.29252/ejgcst.9.2.11
https://dor.isc.ac/dor/20.1001.1.20089082.1397.9.2.5.7
http://jspi.iut.ac.ir/article-1-1228-fa.html

[ Downloaded from jspi.iut.ac.ir on 2026-03-19 ]

[ DOR: 20.1001.1.20089082.1397.9.2.5.7 ]

[ DOI: 10.29252/6jgcst.9.2.11 |

VWAV Ol /55 o 5lan / o Jls / SIS glacis g g3k

sy sbes 5 b 5 dgead 5o 4y laee oS Lo 4l
duwomw;r@;lduﬁﬁd@ﬁ@)@
AU o Sl bl st Al e Il
Glaolals Sl s Shes 5 Ad) » ado) Jaoes glos 5 e
Les b ool sl SR ool A3 Ll ctSOT s

ol okt |l s s 4SOl ) s

L sy 9 2l
Wiy iy darsee Glas 5 e U e sk
bl sl SIS Sl S35 Slo st 5 5 Shes
53 lad s glas bl 7 b B s LSt o e
Il O3 b b 53 VAY Y S0 035 s, 1S5 Jlex
Jels Il 555 as S 11 ¥y Lo 5l klsl 5 YAy
YooY i) phw an 5o ol sdme 5o 05ie LIS
T a3 Ay Jaoe sls s S 5 (Y 5e s
st Sla 53 51 (e 403 YO EY 5 YO £Y (0%Y)
S (MgSORVHO) o 5ie Sl 35S 5l oslin ol L
ez V0°C Lo Sl Jlasl gl SiolosT cpl 3 s S
VOC (glod 55 g pmaS ol&iws o (g ) Yoo Opse O
Slaadd 5 may g O5e s e Ol s g sdd i
Gl s 5 L e 2015 210 0 IS lad s LSl
053 IS slaalyd 65 ot gla VoxTox\0 slayl b ciS
0 55 8led Jgb 3 3w O 25 2 sy et eols 13
3o lod @l 5 CuiS ey Ol 2 sl 351 Lo )
2 L JolS O man (s ) 1S 05 8 0 10°C
AL i8S  las s gls sy eld sluile
O ol glos YO £ YC Loy slas Jlasl | shiiens 13,105
3ds 55 YO°C (slos oits (gl ¢ puors IR Y ka5 Y0°C s
L 313 g SIS (gl i 53l gl o/ sl 4
Kt e Sy gty 4 53 pl b ) O35 s O
G20 S5 i 2 L2 8 A n Sl 505 o0 My Sz
Wiloa (Y0 £ YOC e Lo s o g 338 ity YOC

ol 3l ge Ul i 8 53 plasd EE o e AL e
FLES e 5 o5 Ol ST lhden 52 S 3l 50 e
SLA a5 S (o e 5508 L Slal = 53 als ol
O35 G 5 0 ax3ll ki 5 add 13 51 Jlesle 2
23 O 5 S measd Al o SRl aly ) 4 el S
Sl 53 EalS sl e 3 50aS L OLLS 55 e S
Syde caay e ge Jho date lapll s Dlda s S
AU el (Son O e (2818 5 4y iy s I (T
Ll s ks ales 4 e jolis 5 Ol Dl 3 S0
Y 5V) b azils S s Sdas jobie 5 O 3508

ol s S L1 olS us; Wlg e S gles
obs ol L3 5D LS S S5 s abende
olie s Sl b 5D Sl Sl gt 5 (e
ol (SLs glas aias 5 30 o ol 4 (Lle
sla 2Sly e ] Gib L S Sdse jole s
Joes 5 adsl Sdne slse Sl s ol (Ll 5 albens
Glos (YT 58) das o bl JTslge 5 ey 3 Jsls
o 1 olS l 5 e o ey o oS b5 Lo
5 A (N ol S B Ole Ll das e 13 30
adoy sles Ghalpsl (R 5 il anils olS Wl >
Sladlels 53 1) e mamd (Lo seeds a3 Yo 510 N e)
Ladlels ol 55 usme meand Lol ols (2ol530 035, e H:Sf
Shacies o glos a5 by il LalS 55, Yo Sl
OF) b 128 e o (3l [2alS 10°C o YooC
do glos an Snp iy ) Jaoms gloos i (ol ol
kS 5 e 3 Shee W5 Gl Sl Sl
glie 3wl glos Do g i Al e ol Sy i
AU oS sy 5 ks b SYsb e 1 sles L
AY) s 0s e

i (e 03 0305 & ety Jame dg (lod el
=l S e 05,8 ST 503, S e SOl s S

MD}SL}K;M‘)‘JJ?J) LS"Li) kL-:AA\)‘ "’j:g@ e


http://dx.doi.org/10.29252/ejgcst.9.2.11
https://dor.isc.ac/dor/20.1001.1.20089082.1397.9.2.5.7
http://jspi.iut.ac.ir/article-1-1228-fa.html

[ Downloaded from jspi.iut.ac.ir on 2026-03-19 ]

[ DOR: 20.1001.1.20089082.1397.9.2.5.7 ]

[ DOI: 10.29252/6jgcst.9.2.11 |

e S5 Sl a3 Shes Ad 5 5 4y Bome los 5 i ST

w\iﬁ,d.x..lf}a gf-'-""" lem)b ol ealaul ‘_g‘.&&-u_gﬂudlﬁ\ J‘gb

Sl @.’» (mg/L) cLle Sl @.’. (mg/L) cLle
KH(PO« P=YY/AA HyMoO¢.H,O Mo o/°Y
KNOy K=Y\q/¢ MnSOx.YH,O Mn = ¢/)
Ca(NOy)y.YHO Ca=\¢Fo ZnSOx.VH,O Zn= </\
Fe-EDDHA Fe=)o CuSOy.0H,0 Cu=o/o¥
HyBOy B=o/¥

Handy pea Fluorescence,) o sld 35 )8 oK
Cod 4l axw 55 slaS 3l (Hansatech,  UKChlorophyll
M) ) 5 S i 5 e S5 03Il (sl s S
D035 D sod 0l cleal Ol 3 ets Kot glads yai
Aol iy a (Ken LS Glad pad (g el 3 (S
S S o3Il Gl ol ol 3l (1) WS ey
gt S e Sbale i eslinal 5 5550 obie
_> (Perkin Elmer, Model 110, USA) 3| Cla oK s
iy 3 S i BlE S (6 S YADY e ok
FRS XY s b 53 e s s Sl ois b
53 0L 53 Lo s o Shae oyl 8l s S (5 xSe51l
Cod Sy a5 Ll 05 50 pm 5ldad 5 olld il anin
sl 1S 055 G 5l i) @ oyl s Cond s S
S el slaesls adS el s atyy S 035 4 S
dlie 5 (slal 43 SPSS21 il 5 Law 5 Lags S o5l
izt = glans 53 SSls ghatals i 03031 L Lol (S50
S8l 5 51 sl Uy 5 Lals pad ok plail sy 0 5 )

LS s Excel

o g i

b oo aio) boes 5 lon glos a5 s e 0L (V) IS5
YOOC 555 55 1gmn sloos (S0l 3 S oy i 55, il
YO 5 Y0 N0 l—os g2 les 55 WC 5 5 5
Lot 5asmlad b 5o iy Jasen 53 o gadis 425
by Ole g (FOXY 5 YOXY NOEY)YC

J@\ o il b &S Sl ol by YOO Sl
Sles 335 IS Gl 28 0 s S5 b i 5 0 0 S
iy be o Jhoes misles K S8 e a0 s f
55 Glolls [l 00 bl plomil (gl s osls 5
O o34B L g et LIS oYy (g pee SIS Gla s
5oV ol Al sl s o Ladlgls (i S
S Gosba Ll Jae pINVY e LY el b e S S
0,53 Jyb 55 OLalS (cmils 355 oS 55 S iy a3
53 0 laclale a8 sl Lo S pa ol Jgwe L
e Jsdows pH LO0) i o (gl ol oal (V) s
o/oSY 5 o i Al ;n) s 1) s o/0 Y0 O35580 L
Coldon Al ll PA0 03 e 53 oSG 20 el 2 5o 2 e
S s i L e Gl s (BC) S S
A anils &5 Y-Y/Y dS/m o3 pdows 53 Stia &y sons

35S 5 035 S S e sl lasl ol s
Cidoses Uacard 5 1 8 wld G5b 5l 6
O3 At Sedlasl OF 15 05 5 et el 4y 5 S
0> el VY Ol 4 O3l Sl 3 51 e 5 <=1.Aj‘fa&.:>'-
038 Sat 5l b ad (g Seslul 0l 55 AeC gl s
S 2 e olais 3laslizal b Sy mlans 051 53 S
wins & Aoy Cd 4 (LI-COR, Model Li-1300, USA)
oas leslizad b by IS axtli ol alS coils 3l |3
<S5l (SPAD Minolta, Osaka, Japan) e dis S
Sl Jbs IS et la b Olejen S Sl 3 bl anw B
oslewl b (Fv/Fm) 11 s 5 e lsS b g s Shes


http://dx.doi.org/10.29252/ejgcst.9.2.11
https://dor.isc.ac/dor/20.1001.1.20089082.1397.9.2.5.7
http://jspi.iut.ac.ir/article-1-1228-fa.html

[ Downloaded from jspi.iut.ac.ir on 2026-03-19 ]

[ DOR: 20.1001.1.20089082.1397.9.2.5.7 ]

[ DOI: 10.29252/6jgcst.9.2.11 |

VWAV Ol /55 o 5lan / o Jls / SIS glacis g g3k

—f = Ambient e+dles 35RT/ == pmm 25 R/ emfffem 15 RTZ
40
..
ol em
35 7 Beveses e LA oHl......
u e ... Weeeee PRI u
30
- - e,
Y OB Y = A
) R s SR -~
“~
_’b 20 - 7~ ~~ .
x) o — /
15 A ~  c— ’
10
c
0 T
0.00 2.00 4.00 6.00 8.00 1000 1200 1400 1600 1800 20.00 2200
el

395 8Ld dgb yalea gl g ady; o Gl gl les gl ) IS

M g, Slie (S 6 SR g 5wty s gles (e Ab Sbls 420 @Y s

aiiyaatls oo S sl SpSet iy Spiois bl St bl
o/AY4 o/\AP VWYY §o/YY Al Sk
o ATV q/reNT V0o /Y Yq o O/AS™ Y (e
o /AVA® Y/84¥" AYY/ /o™ YV£o/OY™ Y oy sles
o/VY 1S o /084 1 rANAN Yo/ vV f iy Slest s
o/Y\§ o /qFV AVAR YO/AV YY e
Y5 Js

)b@u eS| ;}},\.3}./.0 ;‘/.\ JL‘;.:>\ lea..a BE )‘JLS:*A ;.,.:.?JJA..;HS)* *

fﬁ:b\n‘
Jay e 5os 5 st edl 1S a3 o OLES (V) U
53 303 15 8l o (ol e ssb a1 S sle ey
OLalS 4S (gysbas a5 s me Ll Jlize 1S J=
Jsboes 53 e Vpa oo ¥ 5 ¥ laclale jo ail s,
S e ho B s 5 S ala o i (ol
33 S 3l g i o s sed A5 1 S sl
LgL,n.»);gfj_i;l.,\_xS&ij_:.aSjYOng oy 4l gles
L () 0ban 5 s el (7 o) a3 S 5 ¥02C

)3(4_>.-JJY°j\a<\°)4_ig').}a.:>wdl.a.>ck.wwwjﬁ

*

Sy Sas g 5 05y

5 osl 314 ol OLES aasls il a5l ol ol
S o St 5 5 055 = aday lame slos 5 e Joline
be slas Sl 8l b oS (o5 4 (Y dsdr) 55 s sme
b S St 5 055 YOPC 4y VO°C 51 aiy
RPN e sl 53 85 b s 3L 2l (gl s
Jﬁ\})\fﬁ&&j;@j‘&\kdﬁuﬁﬁww
Lol 405 OlalS 5o S St 5 5 055 o e 2L
)JJ&U\_&« Jsde 53 rij-:"")‘y)—‘grkz"\cﬁv slackle
A Jsds) dol Cews 410 °C aiyy lases glos


http://dx.doi.org/10.29252/ejgcst.9.2.11
https://dor.isc.ac/dor/20.1001.1.20089082.1397.9.2.5.7
http://jspi.iut.ac.ir/article-1-1228-fa.html

[ Downloaded from jspi.iut.ac.ir on 2026-03-19 ]

[ DOR: 20.1001.1.20089082.1397.9.2.5.7 ]

[ DOI: 10.29252/6jgcst.9.2.11 |

e S5 Sl a3 Shes Ad 5 5 4y Bome los 5 i ST

S g Slie (S T ety e glos S Jﬁjt Sl aglia ¥ g

s cons sldas S Sas 0) S 5058 wioy gl e okl
PR S (oS 55 0 5) (LS 55 6 5) O (mM)
Y/YA \Y/0e VY/OYed ¥4/00b¢ N
\TAR VE/Oe yY/yyed AV O YO o
Y/Ae \Y/YO q/0¢ YO/ o 0¢ Yo
Y/¥o \O/e 0 Y\/eA2 A¥/YO @ 10
Y/8Y VO/YO VF/avbe AA YO A
YAY VE/YO VY/o00d FY/o 00 YO
\VAtd V§/e0 YY/fY2 A/ 0
Y0¥ \0/0e YV/YAD YA/ @ YO A\
Yy \O/e o ) 0/00b £1/vOb Yo
Y/AY? \Y/vob VAT AA7ARN o
Y/YAb VE/AYR /o YP £Y/0 00 Y (e
Y/YAb VO/0e? YA/fY? VO/YO? ¥
Y/yob ) ¥/AY20 VA/EAR VYo AR \0
Y/AY? \0/ oA \¥/ASP £Y/00 YO Wiy y gles
\ARE VE/\ PP YY/YOC F£/0A Y0

LT e 53 (gl pme M 1y S rie O S Pl S e a sl ke

o Al Cod (%S 4z Y0 510wl e glales
YOOC aiey Jaros gled &8 Sh50 5o Ln S A5 1) aly)
b o oS Gl il |y aldy) a4 arld ol o 2l
Cd 33 gp iy LS e 2alS sl Y game 4y
3 A O glandss ol gl ps ady, 4l
S Yol L amslio 53 1 o%C iy lams (b 53 lsy
ety b 0 S les 3 S adyy @l sy
Sl 3 SalS Ol 6l O S S Ol
o=l gl (Vo) Al e oy oy 5o Sdae jole
S a8 05 () G prsmsS Saasl b s Godos
alyy e il Gles o bl Al ann g 5 A W S
I - W V{1 LIV VRIS WO PR E)

il - Sae S 5L 5 glos s iy 4 axls cod 2058

Sl 5 Ve 510 slales a8 Wsls Olis Ol s oS
LaS » Js Log ol Ol 5o LS sl ol 53l
gl aly o Sl Wby a3 Yo 3 V0 lales
S slas Ws g 05,8 A, Gy slales 3 a5 SlalS
A5 1 00C s aml s LS Lo aslis )3 (g 2in

INEERLY

sy w bl Sl
Viﬁ»;&:ﬁudugﬁ& o3l il aS das o 0L (Y) g
Sl e psbar |yl 4 Lo ol sy e gles
3 aiyy a el ol 48 (s pbay sl i b e
YooY slacble o s VAY L ol e o o bale

BE ebjs ..LJJ) 6\.&)[:? (Y’ J_}J}-) bf\ﬂ/\‘/\bj‘j JY)AL;L:A


http://dx.doi.org/10.29252/ejgcst.9.2.11
https://dor.isc.ac/dor/20.1001.1.20089082.1397.9.2.5.7
http://jspi.iut.ac.ir/article-1-1228-fa.html

[ Downloaded from jspi.iut.ac.ir on 2026-03-19 ]

[ DOR: 20.1001.1.20089082.1397.9.2.5.7 ]

[ DOI: 10.29252/6jgcst.9.2.11 |

4500
4000
3500
3000
2500
2000
1500
1000
500

(em?) o5y, g

VWAV Ol /55 o 5lan / o Jls / SIS glacis g g3k

(MM) o2 3o < alé

&5/ﬁckﬂj@_)hcmdbb}r{ﬂw}§‘u"‘)$&

)L?ou.;fj ﬁL@..T‘;..S.wﬁ_,ue)h?udba‘ﬁﬂ}gkngquﬂ@b\‘ J‘gb

iy b S 5 o o0 S JosAs O ai, s (MM) o pie B2
o/\YY YY/YA o/\VE A/O¥ v S,k
YA °/PV¥ 1S Ve/Va™ Ye/AYT v e
VYV YY/oA™ Y§/o Y™ FVIONTT Y oy gles
o/Yos™ Y/ey s o/foy s \ARY ¥ iy Glesta o
o/eAY VAxd o/f00 YAV YY Uast
Y Js

)\Jg;'au | Ok 9 70 )./.\ Jla! lea.,u BN )\éa'a.a s P HS}* Pk

YL sles s i 5ol ls SLas 5 5 055 S
4S e o DL e el al b (e S aly) s
iy s osleslis Wiy oy ege U Al lase slas
S Bl Ol JialS Esl p 8 i) Jams 35
L Bladl (pl Ol K 4l las a5 J= 53 550 s

Ja S sl
S Jes IS CBls o 5l OLS aesls Suills w e
Slod 5 e i 5 osl S A6 ol e sba
Laesls S0l aslis (F Jodz) @3 S 513 aiy ) s
L s b Jsdome 55 o imie Sl 20330 L o ol 0L
Jis IS o Ble V0°C 0 YO°C 3l aiyy Lo (slos ialS

5ol s sk s SCE 6, S e L bl s

S 5 e
e B 15 L S sl 0L Laesls Sl aglie
S gl e Vs e ¥ oa i 51 ol sl o
oRIP) e e Bl TSP e e Sl YeVA/D S
YO °C a0y 10 °C 5l aiyy b ses slos il L Lol 2dly
VIOVYO gy a o o Bl YoPV/AN 51 55 S o
Gt ) gl (Y JS5) Gl el e e sl
A S u&)‘)_fc\S:ﬁ %) oL, 2 Cbbw
L ades 5 oolrls S 5 5 055 S 36T 5 bl

Solel s bl 4 dads [ialS iy Jases 5L glos 5o


http://dx.doi.org/10.29252/ejgcst.9.2.11
https://dor.isc.ac/dor/20.1001.1.20089082.1397.9.2.5.7
http://jspi.iut.ac.ir/article-1-1228-fa.html

[ Downloaded from jspi.iut.ac.ir on 2026-03-19 ]

[ DOR: 20.1001.1.20089082.1397.9.2.5.7 ]

[ DOI: 10.29252/6jgcst.9.2.11 |

e S5 Sl a3 Shes Ad 5 5 4y Bome los 5 i ST

,\?',;‘_,;.wﬂuc.msﬁwﬂﬁﬁjﬁ,wdu;‘ﬁwgkaﬁpwmoJ,A»,

oy A S ek Js s s Shi wioy sl e ol
(mg/g DW) (mg/g DW) SPAD UNIT °C) (mM)
Y/oVP o/8Y Ye/qvhe §/oo b \0
V/Y¥e FITA AVARE \AXE YO o
\/YY® AYY Y¥/0vd f/o0C Yo
/YA oy Y4/4v2 V/eod \0
Y/o VP AoV Y£/oVbe O/ obe YO Y
Y/ Ve VIAD TO/YYE A Yo
Y/ o8 0/08 f\/ For Aloo? 10
Y/542 £/0V YV/8VP O/NO P YO ¥
Y/o0b AAY Y40 © Ofeo © Yo
y/0Ve £IVO AVARM \fidd o
y/4¥P VIYY YV/Yfa A Y e
/A V/o¥ YA/o 02 £/008 i
AR o/p%e \EVA Zan 10
Y/oob /oAb Y5/0Y® F/41 P Yo iy gl
V/OAC AYO? TE/VYe f/55 ¢ Yo

.JJ)\JJ'/.Oc]a.w);é)\;d‘.«.u_é‘j\b'-h.ujb S i B S Pl 68 jlad a3 Ogie a sla (Sl

OF (p oS 5 e Ngma o ¥ 5 F laclale 53 510°C
YOO iy laos Slod 3 s s g lale s
AU 2 L (1) 0Ll 5 O (7 JS2) el e
aS Lols 0L Sl s Slas 5 Al p ads) 4l gl
YE/A 5 Yo/ sddd Kt adyy lases 5o Led (ke &S Sl
a3 Yo /P o YE/V sus ST ainy ae Gled 5 a s
S LS el St aly ) axb o 5 Ses il
2 Glre e Bl 5 Sl el SO ado) 4l 4 Ces
St aly)y o )3 5 W0/ ol Sl Looes 53 4
el el als ) aU (gl ol by 5 VAT sl
3 S bl ol e lom 5y sles Ll o s 5l 5 Shas
VYOO S S lod o0 o500 3lad 5 055 03 33l 5l 8

JJ‘}‘AJ_.;JAA_;‘)J:H«}E‘J_C})JKM&ASMW

by Jobs IS 1S oo L3b L0 Jsds) @il il
S g Sled 5o o5l e sl il Glag il
ol Al a5l el S Lo b 1 b sl
s () 355 0 S 3 3585 2Bl (sl el
2= o3y JBs IS JsSdse Slale lizl Sl o o5
oo SBlE IBI L S gk ol B s IS

AYY 5Y0) WS o iy Shlpil 5o b lS ke

s Sl
jebbﬁ(ﬁt@d&)b@u‘)j}agbﬁwjeﬁﬂ sl
S ads) ooes las 5 e il glacbls Lli
Sy 5 Slas wlie o g slad Sl s Ly (F Jod) <3 S
slos o 5, e o iy oS 5l LS aesls J:i‘l.:ﬁ dns Lo


http://dx.doi.org/10.29252/ejgcst.9.2.11
https://dor.isc.ac/dor/20.1001.1.20089082.1397.9.2.5.7
http://jspi.iut.ac.ir/article-1-1228-fa.html

[ Downloaded from jspi.iut.ac.ir on 2026-03-19 ]

[ DOR: 20.1001.1.20089082.1397.9.2.5.7 ]

[ DOI: 10.29252/6jgcst.9.2.11 |

VWAV Ol /55 o 5lan / o Jls / SIS glacis g g3k

mYe

BT BTOAz, _;;»|

700 A
600 -
500 +
400 -
300 4
200 A
100 A

(g pp ) o flas

¥ ¥

(MM) .50 il

n”:ﬂq&ﬁbig’),hcmdua‘g(ﬁ}:}ﬂﬁj‘urp

‘ W ETO O T s

b

w

.y

L
|
G 1]

(Mg g1 DW) & 0 3 clile
o [\

OO AR O
1

s ¥

(MM) o e cdile

gﬁr{}éﬂwﬁ@)h@dbb‘pﬁ}gﬂ};%.fp

3508 @Dhe 4S5l 0L b3l nl 51 ol Sliali

Jloes 53 @asin SV sa hon Sio ClalE 53 S 5 (55 e
WQMJJJQ,HQJMngmgmmd\b
(Cpmmman Ao S alb Bl g Sle S S LS
)s)t_“}';w,u)wf_:ﬁsmomdziuj@u
S5 deal Gy gldE Jowe 3 se Y g e ¥ lale
LIS a0 s go 5 51 Bitas ¢ olde Jgloms a3 45 il
Ve e Y bl 5l O sV ge b nl g5 5550 e eslizal
Olsme e 10) 350 o o3linl G Jlous 3 00 50
ol Oy 5o S il e i s S CUB 058 SO
o Gy S S ) 2l e 53 e se B
LS o slgniny ilesl ol s (P) 35108 o ol 5 S
5 by Sl alies e 53 e Ve e ¥ Clile oS
Al o shae ClSUT s 53 SIS L g s Shes

e300V 55d s, Shas 5 sy falS 4 e Clg
CL.“J._.;:; Jos I8 5l b el e VO°C (les 3 5 Shes

DBl gy b e SRS Gl G 05y SS R S

S 5 peyee ks

S Sol3 e 5 gbts S e ke S sl 0L s
2o S 1 Ak Jame los 5 e Jlite 5 sl I G
Jsdoms 53 e clale I3 Sl3lpe 4 4SSy p cpils
S sl Ol s .l Rl 58 S e ShlE (o8
Y/ 1S e il YO°C 4 10°C Sl Les il
S 3l S e 8 s e S L YT 4 p S s e S L
53 e Y sa b ¥ i Sl e clale LIIL &S
22 0 S ke TV VY 1S e ke o108 J gl
(F JS2) sls ol il o S


http://dx.doi.org/10.29252/ejgcst.9.2.11
https://dor.isc.ac/dor/20.1001.1.20089082.1397.9.2.5.7
http://jspi.iut.ac.ir/article-1-1228-fa.html

[ Downloaded from jspi.iut.ac.ir on 2026-03-19 ]

[ DOR: 20.1001.1.20089082.1397.9.2.5.7 ]

[ DOI: 10.29252/6jgcst.9.2.11 |

e S5 Sl a3 Shes Ad 5 5 4y Bome los 5 i ST

me

Broat ske

Al

(ITIM) o e clale

LS/ij/FmJeuq_Jhcmdbb}ﬁﬁa};iSOJgﬁ

Jid Gl s g il Bl 5531 0/0°C &
2 A ez o ol e S edalin S
e ol bl sl S eyl 13 OALS
S A3y 5 OLalS 005 4 Lao sl 5 aossls odr L
IS 3 W s a8 (04) OLes 5 LY L(0) Wil iy,
(e 33 4Bl 5 (Helianthus annuus) &\:Ji.l_:éi
ot o 3l i gl 3 e CBlE 5 (oS
B R S L S FEUSTY PP L

W23l el St O30 S

(FwFm) 11 et 53 gl 3 SN 0] )8
FVIFM S i o8 31 0L ooy (S0ls il s
3V0°C iy bamee sl 5o 5 s ¥ ge e ¥ ale s
Dbedd 3 FVEmM Gl aS &S Jl= 3 e, &5 4 YOC
YO 5 Y0 AN0) aciy) Jarmee (slos jlad 4 2 53 5 o 5ie i
P e e R I ) ol sty (o gombon 435
e Sy 53 LS E)F S 25 (WV)K S 5 o mli b
Slas L anglin 53 YooC aiyy lame slos 53 FV/FM o
SUaS s 53 FV/FmM i falS 350 220 ¥oOC k) Laous
0555 0L oS5 L Ll 5o el (8o o3 5505 L

(Photon Flux Density, PPFD Photosynthetic) (¢ jx—w 55

U G 1 e ol ) T oS L0l T sl
éﬁ)%fjagb;wblﬂbbﬁtc)ﬁjMJ@)\J.;
Ajbb;&)\;(?)m&jﬁijLwQ}WoLﬁ
bﬁﬁ.’.ﬁ@érﬁc(%)b\‘° }\a‘\o)uﬂ)kwdu; J:".’.‘J'a‘
0348 Sy 3l ol bleys, Ve <=,l_'§‘_§l_aJL@Jl.>).>

WLl Al e e e 5, Vo 5l iy sladgils

ainy 9 S p ed e
s b glos esli 1 aS sl LIS Laesls il 45
ARl i s &S oo 3 s g S i
alyy oo glos 5 e blite 5 03l A oo Ul
Lo los GRIPIL S i e (Y Jsa) 235518
S B o i 5 3L (RIS s Bl
Sl L 6 313 0L s b edalis YOOC (sles 5> S
oxb iy s CBlE (ol e 3 e B
iy e gles L1 sl Al g ols e
ey b Sl iy sl QL LAl Aty s chle
Cw3an N0 5 YO glales 5o 5 e Ve Jo ¥ 2lale s
S a3 YO (slas 5 e o ke 3 O 2eS el
iy b $los U Ygame i S (0 ) A3 S
W 5 S glos S Sley (S5 pax S 55 .O0A) 5,05 abal


http://dx.doi.org/10.29252/ejgcst.9.2.11
https://dor.isc.ac/dor/20.1001.1.20089082.1397.9.2.5.7
http://jspi.iut.ac.ir/article-1-1228-fa.html

[ Downloaded from jspi.iut.ac.ir on 2026-03-19 ]

[ DOR: 20.1001.1.20089082.1397.9.2.5.7 ]

[ DOI: 10.29252/6jgcst.9.2.11 |

VWAV Ol /55 o 5lan / o Jls / SIS glacis g g3k

k:)udl.&) g)}mAL) LSLAJJ‘ g&\v\ﬁ Jj_l.>pa L ﬁﬂ@)ﬁl—@ e.,\_,:»J.oan é)ywu&.s‘j;‘f)\ &YL}M}JQ)

V‘l]:"" )Y).AL;L:A ¥ C,JQL& ‘u:’.‘J"L‘J J\JLLJA ﬁls Yo°C 4.;}.:) (“‘) .L.ZLv Vﬂﬁ'ﬁ bj,ws Lv 6Lﬁg§j B
wwu).) \O MJM&L&J}&\J&J)@)J
J—d 53 Glas=lS L i 6l sled i Ll e S S 4o

Al b R L aS s S (g S Uls e Gl nl e )

ealaiw! S)4° CL.A

55k o)l lasme slas G AYAS 0Ll e e 5 G5B sde g g e 03l s o ep (0SS el )
A =0 :ONA Ol pslis cons s (Crocus sativus L.) o,5 0 ae 5 phu 9y Loy 5 ol oo

(e 5) Sl 05 ciS SBas sy ¢l Jes glemaly (i) S psden ATAY L0 s SRR TR
Sl oKl ol L]

W ()\‘\‘ <ﬂJJ oK.iJ‘J Q‘)L&.’b‘ (&of* 9 d)ﬁ.‘ V.;.ALM) QU:L;; ‘-;:Juu 4_3'..,\3.: J)».p‘ \Y"\Y Cd«: 4@L]al..b Y’

4. Al-Hamdani, S.H. and J.J. Ghazal. 2009. Selected physiological responses of Salvinia minima to various
temperatures and light intensities. Am. Fern J. 99: 155-161.

5. Aoalsteinsson, S. and P. Jensen. 2006. Influence of temperature on root development and phosphate influx in winter
wheat grown at different P levels. Physiol. Plant. 80: 69-74.

6. Barker, A. and D.J. Pilbeam. 2007. Handbook of Plant Nutrition. CRC Press, Taylor and Francis.

7. Cakmak, I. and E.A. Kirkby. 2008. Role of magnesium in carbon partitioning and alleviating photooxidative
damage. Physiol. Plant. 133: 692-704.

8. Cakmak, I. and H. Marschner. 1992. Magnesium- deficiency and high light intensity enhance activities of
superoxide dismutase, ascorbate peroxidase and glutathione reductase in bean leaves. Plant Physiol. 98: 1222-1227.

9. Cumbus, I.P. and P.H. Nye. 1982. Root zone temperature effects on growth and nitrate absorption in rape (Brassica
napus cv. Emerald). J. Exp. Bot. 137: 1138-1146.

10. Daskalaki, A. and S.W. Burrage. 1998. Solution temperature and uptake of water and nutrients by cucumber
(Cucumis sativus L.) in hydroponics. Acta Hort. 458: 317-322.

11.Dodd, I.C., J. He, C. G. N. Turnbull, S. K. Lee and C. Critchley. 2000. The influence of supra-optimal root zone
temperatures on growth and stomatal conductance in Capsicum annuum L. J. Exp. Bot. 343: 239-248.

12. Economaksi, C.D. 2008. Effect of root zone temperature on growth and water uptake by lettuce plants in solution
culture. Acta Hort. 449.

13. Hariadi, Y. and S. Shabala. 2004. Screening broad beans (Vicia faba) for magnesium deficiency. L1. Photosynthetic
performance and leaf bioelectrical responses. Func. Plant Biol. 31: 539-549.

14.He, J., L.P. Tan and S.K. Lee. 2009. Root-zone temperature effects on photosynthesis, 14C-photoassimilate
partitioning and growth of temperate lettuce (Lactuca sativa cv. ‘Panama’) in the tropics. Photosynthetica 47(1): 95-
103.

15. Hoagland, D.R. and D.S. Arnon. 1950. The water culture method for growing plants without soil. Calif. Agric. Exp.
Sta. Circ. 374: 1-32.

16.Jensen, P. and J. Perby. 1986. Growth and accumulation of N, K, Ca™2, and Mg' in barley exposed to various
nutrient regimes and root/shoot temperatures. Physiol. Plant. 67:159-165.

17.Jie, H. and L.S. Kong. 1998. Growth and photosynthetic characteristics of lettuce (Lactuca sativa L.) under
fluctuating hot ambient temperatures with the manipulation of cool root-zone temperature. Plant Physiol. 152: 387-
391.

18. Kosobrukhov, A.A., E.A. Bagnavets, N.A. Semenova and L.N. Chermnykh. 1988. Photosynthesis and absorption of
mineral nutrient in tomato plants under various root zone temperature and light conditions. Biotronics 17: 21-28.

19. Lasa, B., S.M. Frechilla, B. Aleu, C. Gonzalez-Moro, P.M. Lamsfus and P.M. Aparicio-Tejo. 2000. Effects of low
and high levels of magnesium on the response of sunflower plants grown with ammonium and nitrate. Plant Soil
225:167-174.

20. Marschner, P. 2012. Marschner Mineral Nutrition of Higher Plants. Third Ed., Elesevier Ltd.


http://dx.doi.org/10.29252/ejgcst.9.2.11
https://dor.isc.ac/dor/20.1001.1.20089082.1397.9.2.5.7
http://jspi.iut.ac.ir/article-1-1228-fa.html

[ Downloaded from jspi.iut.ac.ir on 2026-03-19 ]

[ DOR: 20.1001.1.20089082.1397.9.2.5.7 ]

[ DOI: 10.29252/6jgcst.9.2.11 |

e S5 Sl a3 Shes Ad 5 5 4y Bome los 5 i ST

21.Moon, J.H., Y.K. Kang and H.D. Suh. 2008. Effect of root-zone cooling on the growth and yield of cucumber at
supra optimal air temperature. Acta Hort. 761.

22.Pierre, H. and F. Urs. 2005. Growth at moderately elevated temperature alters the physiological response of the
photosynthetic apparatus to heat stress in pea (Pisum sativum) leaves. Plant Cell Environ. 28: 302-317.

23. Qiuyan, Y., D. Zengqiang, M. Jingdong, L. Xun and D. Fei. 2012. Effects of root-zone temperature and N, P, and K
supplies on nutria uptake of cucumber (Cucumis sativus L.) seedlings in hydroponics. Soil Sci. Plant Nutr. 58: 707-
717.

24. Sattelmacher, B., H. Marschner and R. Kuhne. 1990. Effects of the temperature of the rooting zone on the growth
and development of roots of potato (Solanum tuberosum). Ann. Bot. 65: 27-36.

AR


http://dx.doi.org/10.29252/ejgcst.9.2.11
https://dor.isc.ac/dor/20.1001.1.20089082.1397.9.2.5.7
http://jspi.iut.ac.ir/article-1-1228-fa.html
http://www.tcpdf.org

